The antioxidant potential of five tuberous root leaves was evaluated. High performance liquid chromatography (HPLC/DAD) showed the presence of phenolic compounds in leaves, and the predominant ones were chlorogenic acids in carrot (458.79 mg.L −1 ± 0.03): rosmarinic acid in sweet potato (222.05 mg.L −1 ± 0.01) and quercetin in sweet potato (292.42 mg.L −1 ± 0.01). Radish leaves showed a higher total in vitro antioxidant activity for all methods used in this study. The results indicated that these leaves were natural sources of antioxidants and, therefore, could be included in the health beneficial diet.
Introduction
Vegetables are among the main sources of natural antioxidants, and the potential of these biologically active substances has been intensively investigated due to their protective ability against the action of free radicals. The excessive formation of reactive oxygen and nitrogen species (ROS and RNS) results in oxidative stress and increases the risk of developing chronic non-communicable diseases (NCDs) such as cardiovascular, neurological, and several types of cancer. [1] [2] [3] [4] Phenolic compounds are secondary metabolites synthesized in plants in response to environmental stresses, such as the attack of pathogens and insects, UV radiation, and injuries. [5] [6] [7] These phytochemicals have the ability to scavenge free radicals, inhibit lipid peroxidation, and chelate metals, besides playing a vital role in the stability of food products, as well as in defense mechanisms of biological systems. [4, 8] Plant foods are the largest sources of natural phenolic compounds in the human diet, and high concentrations of these compounds can be found in their leaves, shell, and peel. [9] However, these parts are discarded, generating a large amount of waste and, therefore, the waste of nutrients. Several studies reported the potential of tuberous root leaves as nutraceutical food. The leaves of carrot (Daucus carota L.) are natural sources of omega 3 and 6 [10] and are used in salads, soups, and in the preparation of food products; [10] [11] [12] beet (Beta vulgaris L.) leaves are used in food formulations to increase their nutritional value [13] ; the leaves of sweet potato (Ipomea batatas L.) have a high content of soluble fiber, polyphenols, and minerals, especially iron and vitamin E; [14] yam (Colocasia esculenta L.) leaves are consumed in sauces, purées, stews, and soups and are used in the treatment of scarring; [15] and radish (Raphanus sativus L.) leaves present a broad spectrum of antibacterial activity against foodborne pathogens. [16] Although several studies elucidated the antioxidant potential of most of these leaves, few analyze the content of phenolic compounds. In this context, the objective of this study was to identify and quantify twelve phenolic compounds by high-performance liquid chromatography (HPLC/DAD) and evaluate the antioxidant potential of this waste.
Material and methods

Identification and quantification of phenolic compounds by high performance liquid chromatography (HPLC)
For the obention of extracts, 1 g of the powder of each leaf was used with 50 mL of 50% methanol under reflux without vacuum, on a hot plate at 80°C, boiling for 15 min, in three replications. Subsequently, the extract was filtered through filter paper and collected. The extraction residue was again subjected to the extraction process twice. The combined filtrates were evaporated on the hot plate up to 25 mL. [17] The analyses were performed on a high performance liquid chromatograph (HPLC Shimadzu, LC-6AD), equipped with two high pressure pumps (LC-20AD), a diode array (DAD), a detector (SPD-M20A), an automatic sampler (SIL-M20A), and a microwave (CTO-20AC). Separations were performed using a packed Shim-pack VP-ODS column (250 mm 4.6 mm) with spherical particles of 5 mm connected to a Shim-pack VP-ODS pre-column (5.0 cm 4.0 mm 5 mm -Shimadzu). Samples were eluted using two mobile phases: the first (A) consisted of water and acetonitrile (2%) and the second (B) comprised methanol, water, and acetonitrile in the proportions 70:28:2 v/v, respectively. Samples were eluted under the following gradient: 0-25 min (0-40%B); 25 to 43 min (40-45%B); 43-50 min (45-80%B); 50-55 min (80-0%B); and 55-65 min (0%B). The absorbance was measured at 280 nm, the flow rate was 1 mL.min −1 at a temperature of 35°C, and the injected volume was 20 μL. The standards used for the chromatographic analysis were gallic acid, catechin, chlorogenic acid, caffeic acid, vanillin, p-coumaric acid, ferulic acid, m-coumaric acid, o-coumaric acid, rosmarinic acid, quercetin, and trans-cinnamic acid. All standards were purchased from Sigma-Aldrich. All solvents employed for chromatography were of analytical HPLC grade: methanol (Merck), glacial acetic acid (JT Baker), and ultrapure water obtained from a Milli-Q system.
Collection of materials and preparation of extracts for colorimetric analysis
Leaves of carrot (Daucus carota L.), beet (Beta vulgaris L.), sweet potato (Ipomea batatas L.), yam (Colocasia esculenta L.), and radish (Raphanus sativus L.) were acquired at a local market in the city of Lavras, Minas Gerais, and processed on the same day. The leaves were rinsed with distilled water and lyophilized. The dried samples were ground and hermetically stored at -80°C until analysis. For the preparation of the extracts, 3 grams of the powder from each leaf was weighed and 40 mL of 50% methanol was added. The extracts were homogenized and left at rest for 60 min at room temperature. Each extract was centrifuged at 15,000 rpm for 15 min, and the supernatants were transferred to 100-mL volumetric flasks. About 40 mL of 70% acetone was added to the first extraction residue with subsequent homogenization and left at rest for 60 min at room temperature. The extracts were again centrifuged at 15,000 rpm for 15 min, and the supernatants were transferred to volumetric flasks containing the first supernatant. The volume of each extract was completed to 100 mL with distilled water.
Determination of total phenolic content
The content of total phenolics was determined by the method proposed by, [18] and the Folin-Ciocalteu reagent was used. A 0.5-mL aliquot of the extract from each sample was added to tubes containing 2.5 mL of 10% Folin-Ciocalteu solution (v/v); 2 mL of 4% sodium carbonate solution (v/v) was then added. The tubes were vortexed and left at rest for 120 min, protected from light. The blue color produced by the reduction of the Folin-Ciocalteu reagent by the phenolics was measured spectrophotometrically, at a range of 750 nm. The calculation of the phenolic content was based on the equation of the line obtained from the gallic acid standard curve. The results were expressed in mg of gallic acid equivalent per gram of sample (mgGAE.g −1 ).
Scavenging activity of free radicals (DPPH)
The total antioxidant activity was evaluated by the DPPH method (1,1-diphenyl-1,2-picrylhydrazyl) proposed by. [19] A 0.1-mL aliquot of each dilution of the extracts was transferred into test tubes with 3.9 mL of the DPPH radical and homogenized. Methyl alcohol was used as a blank in order to calibrate the spectrophotometer. Readings were taken after 30 min in a spectrophotometer at 515 nm, and the results were expressed as IC 50 (μg/g).
Total antioxidant activity by the iron reduction method (FRAP)
The antioxidant activity (FRAP) was determined according to the method proposed by. [20] A 90 µL aliquot of each dilution of the extract was transferred to test tubes with 270 µL of distilled water and 2.7 mL of the FRAP reagent. The tubes were homogenized in a shaker and incubated in a water bath at 37°C. The tubes were left at rest protected from light, at room temperature for 30 min. Readings were taken at 595 nm, and the FRAP reagent was used as a blank to calibrate the spectrophotometer.
Determination of the total antioxidant activity by the β-carotene/linoleic acid co-oxidation method
The antioxidant activity by the β-carotene/linoleic acid co-oxidation method was determined according to the method proposed by. [21] About 0.4 mL of each dilution of the extracts was mixed with 5 mL of the solution system. The tubes were then homogenized and placed in a water bath at 40°C
. Readings were taken at the times 2 min and 120 min in a spectrophotometer, at 470 nm. The results were expressed as IC 50 (mg/L).
Statistical analysis
All tests were carried out in triplicate, and the results were presented as means ± standard deviation (SD). The colorimetric variables were subjected to analysis of variance (ANOVA) and compared by the Scott-Knott test at 5% probability using the statistical program SISVAR. [22] The relationships between variables were assessed by Pearson's correlation, and value of p < 0.05 was considered statistically significant.
Results and discussion
Identification and quantification of twelve phenolic compounds by HPLC-DAD
The quantification of phenolic compounds (gallic acid, catechin, chlorogenic acid, caffeic acid, vanillin, p-coumaric acid, ferulic acid, m-coumaric acid, o-coumaric acid, rosmarinic acid, quercetin, and trans-cinnamic acid) by HPLC-DAD was performed by peak integration, using the external standard method and the chromatographic profile of phenolic compounds in the standard solutions and in the different leaves studied (4 x 10 −5 mol L −1 ), and are shown in Fig. 1 . The identification and quantification of phenolic compounds in the leaf extracts of carrot, beet, sweet potato, yam, and radish are presented in Table 1 .
The predominant phenolic compounds were chlorogenic acid in leaves of carrot and sweet potato, rosmarinic acid in leaves of beet and sweet potato, and quercetin in leaves of beet and sweet potato. A variety of biological activities have been described for rosmarinic acid, and the main ones are the antioxidant, anti-inflammatory, antiviral, and antibacterial. [23, 24] However, the most important activity is its antioxidant capacity, which is assigned to the four hydroxyl groups present in the molecule, acting as free radical scavengers. [24, 25] Other studies have demonstrated the antioxidant potential of rosmarinic acid in the absorption and neutralization of free radicals, in the removal of singlet and triplet oxygen atoms and also in the decomposition of peroxides. [24, 26] Chlorogenic acids are found in most plant species, and several studies have elucidated the beneficial pathophysiological effects of this acid, as well as the effect against hypertension and hyperglycemia, in the prevention of colon cancer, in the inhibition of cell proliferation of tumors from different origins and anti-inflammatory action. [24, 27, 28] Quercetin is a major flavonoid present in the human diet and, since it has several therapeutic properties, it has been extensively studied in recent decades. It has antioxidant and anticarcinogenic potential, as well as protective effects on kidney, liver, and cardiovascular systems. In a study on the evaluation of the effect of quercetin supplementation on indicators of oxidative stress and inflammation in sarcoidosis, [29] Boots et al. concluded that quercetin supplementation in the diet increased the body defense against inflammatory processes and oxidative damage. When investigating the neuroprotective effect of quercetin against H 2 O 2 -induced apoptosis in SH-SY5Y neuronal cells in humans, [30] Suematsu et al. inferred that quercetin can potentially serve as an agent for the prevention of neurodegenerative diseases caused by oxidative stress and apoptosis. The results in this study indicated the potential of the studied leaves to be used as natural sources of polyphenols. Table 2 presents the results of phenolic compounds and total antioxidant activity. The content of total phenolics was higher in radish leaves, followed by yam, beet, sweet potato, and carrot, respectively. A high content of total phenolics in methanol (86.16 ± 4.51 mg catechin/g) and acetone (78.8 ± 5.3 mg catechin/g) extracts was also reported for radish leaves by [16] . Results lower than those found in this study were reported by [14] , for the methanol extract of carrot (9.3 mg GAE/g), beet (6.1 mg GAE/g), and sweet potato (17.3 mg GAE/g) leaves. The difference between the reported values was possibly due to the use of only one type of solvent, which may have compromised the extraction efficiency of phenolic compounds. The results were expressed as mean ± standard deviation (n = 3); nd: not determined.
Total phenolic compounds and total antioxidant activity
Another reason for the difference between the results described is the low specificity of the colorimetric method, which not only indicates the presence of polyphenols, but also of other compounds, including inorganic and non-phenolic organic substances that can be oxidized by the Folin-Cicateau reagent [31, 32] The highest free radical scavenging capacity (DPPH/IC 50 ) was observed in radish leaves, followed by beet, yam, sweet potato, and carrot. A strong negative correlation between the content of total phenolic compounds and scavenging free radical activity was observed (DPPH/IC 50 ) ( Table 3) , indicating that these compounds are highly responsible for the antioxidant activity of the studied samples. These results are in agreement with those of [4] and [33] . However, some studies indicate that it is not always possible to correlate total phenolics and antioxidant capacity. [24, 34, 35] In this study, it was possible to observe that total polyphenols did not correspond to the lowest values of DPPH/IC 50 for leaves of beet, yam, and sweet potato, as described for radish and carrot leaves. This can be explained by many factors, including the presence of different active compounds in the leaves, which can change the antioxidant capacity, such as the synergistic effect of different compounds, experimental conditions, and the mechanism of action of the methods used in the evaluation of the antioxidant activity. [24, 36] There are also compounds which react strongly with DPPH, and others which have a slower reaction rate. [24, 37] The highest values for the antioxidant power of iron reduction were observed for radish, followed by yam, beet, sweet potato, and carrot. Data are positively correlated with total phenolics (Table 3) , in accordance with [16, 38] and negatively correlated with DPPH/IC 50 (Table 3 ) as a result obtained by [39, 40] . The greatest protective effect of β-carotene/IC 50 against co-oxidation by radicals derived from the oxygenation of linoleic acid was determined for beet and radish leaves, followed by yam, sweet potato, and carrot leaves. These data are negatively correlated with FRAP and total phenolics (Table 3) , which shows the effectiveness of the method for the evaluation of the antioxidant activity. In general, all methods used to measure antioxidant activity in foods have some limitations; for this reason, a combination of several methods is necessary. However, the results presented in this study indicate that total phenolics and FRAP are highly correlated with other methods, and, therefore, one can be selected as an indicator of the antioxidant activity in vegetable residues used in this study.
Conclusion
HPLC/DAD analysis showed the presence of high concentrations of quercetin for beet and sweet potato leaves; chlorogenic acids for carrots and sweet potato; and rosmarinic acid for beet and sweet potato leaves. Radish leaves showed the highest antioxidant activity for the studied methods. These results show the great potential of these leaves in the prevention of damage from reactive species. Thus, the likely inclusion of these leaves in human diet will contribute to increase the intake of phenolic compounds, and in vivo studies are necessary to confirm the antioxidant power in the body. 
